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Education, includes the identification and 
acquisition of curriculum materials in print 
form^rom the Coast Guard, Air Force, 
Army, Marine Corps and Navy. 

Access to military curriculum materials is 
provided through a "Joint Memorandum of 
Understanding" between the U.S. Office pf 
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OVERVJEW 

BASIC ELECTKJCITY AND ElECTRONICS 
MODULE TWENTY FIVE 

Special Devices 

Jn most electronic systems ^there is a need for some sort of controlling 
or switching action. It may be necessary to modify the incoming signal 
so that it may be processed for the desired output. An example would ^ 
be FM multiplexing in a radio. ^ Jn earl ier electronics the -control 1 ing/ 
switching action was performed by mechanical relays and rheostats. In 
today's high speed computers^ however*, a mechanical relay is often too 
slow tb meet equipment requirements, and rheostats consume too much 
power. Therefore, instead of relays and rheostats, special^ devices are 
used. They are actually "electronic relays/rheostats*' or categorically, 
"electronic switches". 

Jn this module you will study two types: Si I icon. Control led Rectifiers 
(SCR's) and Unijunction Transistors (UJT's). 

Ycrti will see as you study the two devices that, though they are both 
classed as controlling or switch devices, they have distinctly different 
operating characterif^tlcs. 

This module has been divided into two lessons: 

Lesson J Silicon Controlled Rectifier Theory 
Lesson J J Unijunction Transistor Theory 
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OVERVIEW 
^ ^ LESSON 1 

S i 1 i con Control ReS^lfier Theory 



In this lesson, you will study and learn about Silicon Controlled 
Rectifiers CSCR)^ You will be able to Identify them schematical ly» 
as well as, learn^The conditions necessary to start and stop their 
conduction. In addition* you will be able to identify physically, 
sChematfCaUy and functionally SCR circuits. 



The learning objectives of this lesson are as follows; 
TERMINAL OBJECTIVE (S) ; 



25»l*<f7 When the student completes this course, he wiT) be abl^ to 
T^^OUBLESHOOT "faulty UJT/SCR circuits, given a training de- 
^ vice, prefaulted UJT/SCR circuit cards, and proper tools. 
Repair to be done on a practice board with similar Compo** 
nents.' Repaired board to pass Learning Supervisor ' S; visua 1 
and ■ phys leal I nspect Ion for qual I ty . Replaced component 
tested for damage incurred during installat-lon. 

ENABLING OBJECTI VE (s) : 

When the student completes this lesson, he will be able to; 



25.K't7' 1 



25.K't7.3 



IDENTIFY by selecting, the names of the three leads of an 
SCR, given an unlabel led diagram of an SCR and a list of 
n^mes- 100% accuracy is required. 

IDENTIFY the conditions necessary to make an SCR start 
conducting by selecting the correct statement from a 
choice of four* ICfO^ accuracy Is required/ , * , 



IDENTIFY the conditions 
conduction by selecting 
of four*- 100% accuracy 



necessary to maintain an SCR in 
the correct answer from a choice 
i,s requi red*. 



-St. 

IDENTIJY the Conditions necessary to stop conductron of an 
SCR by select i r>g ^the correct answer from a choice of four* 
V00% accuracy is reqi/ired. 



Overvii^ ' Twenty Five-1. 

OVERVIEW 

25.1.<f7-5 .OBSERVE and RECORD waveforms from an SCR AC control circuit* 
given a training device or circuit and the proper tools, 
an osci 1 loscope» a job program, and schematic diagrams or 
technical manuals. Recorded data must be within limits shown 
in the job program* 

25.1.*f7-6 OBSERVE and RECORD waveforms from an SCR DC^ control circuit 
given a training device or circuit and the proper tools, an 
oscilloscope, a job program^ and schematic diagram or tech- 
nical manuals. Recorded data must be within limits shown on 
the job program. 



EFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE. « 
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LIST OF STUDY RESOURCES 
^ LESSON ; 

Silicon Control Rectifier Theory 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences^ any or all of the following, 
study resources: 

Written Lesson presentation in: 

Module Booklet: 

Summary 

Programmed Instruct ion 
Narrat ive ^ 

Student*s Guide: 

Job Program Twenty F<ve-l'l "Slli con Controlled Rectifier DC Control'* 
Job Program Twenty F;ve"l"2 "Silicon Controlled Rectifier AC Control" 
Progress Check 

Add! t iona] Hater i al (s) : - ^ 

Audio/Visual Program Twenty Five-1 "Introduction to Silicon Controlled 

Rectifiers" 

Enrichment Material (s): 

Basic Electronics Vol. i, NAVPERS 10087-C 
GE SCR Manual 



YOU MAY USE ANV,, OR ALL, RESOURCES 
SUPERVISOR; HOWEVER. ALL MATERIALS 
TO ACHIEVE LESSON OBJECTIVES. THE 
TIME. 



LISTED ABOVE, INCLUDING THE LEARNING 
LISTED ARtjNOT NECESSARILY REQUIRED 
PROGRESS C|1ECK MAY BE TAKEN AT ANY 

f 
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SUMMARY 
LESSON I 

Silicon Controlled Rectifier Theory 



The Si 1 icon Control led Rectifier is a solid state device used in motor 
controllers, switching circuits and power supply circuits. Its advantage 
include the following: 

It IS quiet in operation* 

Vibration and shock do not affect it. 

Most important, you can control a targe amount of voltage and 
current with a small controlling voltage. 

\ 

We can see from' the schematic symbol shown below that the SCR has 3 eads 



CATHODE V/l^ 7 ANODE 



GATE 

Figure 1 



The anode and cathode leads are the same as the diode you have studied 

previously. The gate lead is added to control conduction of the SCR. 

Like a diode, the SCR must be forward biased to conduct - - negative on 
the cathode, positive on the anode* 




Figure 2 



Unlike a diode, the SCR must have a positive signal on the gate lead 
(usually +,1 to +1 v) while it is forward biased or it will not conduct 
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CURRENT FLOW, 




Figure 3 

In Figure 3> the conditions for conduction are met* Current flows from 
cathode to anode. If we remove the gate signal, the SCR will remain in 
conduction; however, if we remove forward bias, the SCR will cut off, 
(Stop conducting*) 



:t0^' 



SCR Conduct I ng 



SCR Conducting 
Figure k 



SCR Cut Off 



If we reverse bias, the SCR, then it will not conduct even if we apply a 
positive gate signal. 




SCR Cut Off 
Figure 5 

Using this Information let's look at an SCR with a DC voltage applied. 

OUT 



GATE 

Figure 6 



The output waveform will be taken across Rj^. 



Sunwnary 
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This SCR needs +.]v on the gate to conduct. 



+300V--!- 1 



.4 




^_ OUTPUT 



+.1v- 



I 



I 

TO 




I 

T1 



1 

T2 



T3 



GATE 



Figure 7 



At TO there is no output although forward bias is applied. When the gate 
voltage is applied at TI the SCR conducts and we will see the +300v across 
R|^, Even though we remove the gate voltage at 12 the SCR remains in con- 



duction as long^s forward bias is applied, 
then the SCR will stop conducting* 



Jf we remove the forward bias 



Let's examine an SCR with AC applied to the anode and a DC voltage applied 
to the gate. 



I — Wv * / 4 

GATE 



+ 115 VAC 




INPUT 



+ .1V-- 



s 



I 



T1 T2 



GATE 



OUTPUT 



T3 



.i ;_ 

T4 T5 



Figure 8 
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As you can see, the SCR will conduct only when it is forward biased and 
has the proper gate signal. With AC applied to the input and to the Qate 
we can choose a variety of waveforms by varying the gate signal. 




fl J2 T3 



Figure 9 

Notice that the SCR conducts only when the proper gate signal coincides 
with the proper forward bias. By timing the gate signal we can make the 
SCR pass the entire positive portion of the waveform or only a part of it. 



AT THIS POINT, YOU MAV TAKE THE LESSON PROGRESS CHECK. IF yOU 
ANSWER ALL SELF-;TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPl^OPRIATE PAGES,' 
PARAGRAPHS, OR FRAMES SO THAT VOU CAN RESTUDY THE PARTS OF THIS 
L£SSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL. OR^OST, OF THE LESSON. SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF , 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



/ 
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PROGRAMMED INSTRUCTION 
LESSOK I 

Silicon Controlled Rectifier Theory 



TEST FRAMES ARE 8, AND 13. AS BEFORE, GO TO TEST FRAME k AND SEE IF 
VOU CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE OIRECTIONS GIVEN 
AFTER THE TEST FRAME. 

K The-Si-l'icon^Cojitj:alJ_ed_Rectifi«r - more commonly called an SCR - 
rs a compact and quiet solid state device. SCR's come in a wide range 
of sizes, operating characteristics and applications* 




Figure I 

They can be used in electronic switching circurts, power supply circuits 
and motor speed control circuits. When properly chosen and protected 
with cooling fins 'and heat sinks, the SCR can efficiently control a very 
large amount of power. The SCR, like the diode, is not effected by 
vl brat ion. 

The SCR is very similar to the diode rectifier we covered in previous 
lessons, A diode, as<^ou recall, has an anode and cathode. The SCR 
has an anode and cathode with the'addition of a third lead called a 
g ate . In the SCR schematic, the gate lead is attached to the cathode 
oiF the SCR, 
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The schematic symbol for an SCR is Tllustrated below. Label the leads of 
the SCR. 




1 . Cathode, 2. Anode, 3* Tiate 

2. Another sTmitarity that exists between the diode and the SCR is that 
they both must be forward biased in order to conduct. Also current flows 
agafnst the arrow in both devices. 

Which of the following shows the correct schematic symbol for a forward 
bfased SCR? 
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3. Now that we've looked at the similarities between the diode and the 
SCR, let's take a look at what makes them operate. The key to under- 
standing the SCR is in knowing how the gate controls the operation of 



the SCR. 




GATE M 



'Figure 2 

Unlike the diode, an SCR will not conduct with just forward bias across 
it. The SCR must have a positive voltage applied to the gate at the 
time it is forward biased in order for it to conduct. With no voltage 
on the gate lead the SCR is essentially dn open circuit and will not 
pass any current. 

Figure 3 shows essentially what occurs electronically to a forward biased 
SCR wi th: 

(1) no voltage applied to the gate, and 
(?.) a positive voltage applied to the gate* 



1. NO CURRENT 





(OPEN SWITCH) 




(+) 




GATE 




(-) 














NO VOLTAGE 



APPLIED 

"SCR OFF" 

NO CURRENT FLOW 




' Ftgure 



MAXIMUM CURRENT 
FLOW 









(+) 








H 






GATE 







POSITIVE VOLT AGE 
APPLIED 



"SCR or 

Current flow 
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Notice that with no voltage applied to the gate of the SCR, it acts Ifke 
an open switch even though it Js forward biased. When we apply the 
positive voltage to the forward biased SCR, there is current flow against 
the arrow and the SCR acts like a closed switch. 

Current flow in an SCR is: 




CURRENT FLOW CURRENTFLOW 




P.I. 
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^4. TEST FRAME 



a . 
b. 



Label the leads of the SCR in the blanks provided. 
Determine the polarity (with respect to lead 1) of the voltage 



th^t must be applied to each lead to c^use the SCR to conduct, 
c.^ Show the' direction of current flow. 



A, 



(I) 
(2) 
(3) 



B. 

( ) 

( ) 

( ) 



or 




(THIS tS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS. 
GIVEivl AT THE TOP OF THE NEXT PAGE.) 
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(1) Cathode B, 

(2) Gate 

(3) Anode 



( ~ ) 

( + ) c. 



fF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 8. 
OTHERWISE GO BACK Tb FRAME I AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST FRAME k AGAIN. 

5* The gate works like. a "turn on" switch during the time that the SCR 
is forward biased. Once the SCR is in conduction^ the gate no longer 
has any controj* In other words the gate can't turn the SCR "off" . The 
only ways to stop the SCR conduction are to: 

!• Remove the forward bias or 
2- Reverse bias the SCR. 

V 

Therefore, as. long as a conducting SCR is forward biased, it will remain 
in conduction* We can remove the gate signal completely without affect- 
ing current flow through the SCR, 



in the following schematic, the SCR is conducting, 
is required to cause t^e SCR to stop conducting? 



Which of the following 




a. Remove the gate signal, 

b* Reverse bias the SCR. 

c. Remove. the forward bias 

d. Either b dr c. 



from the SCR. 



d* El ther b or c. 




P.I. 
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6. Depending on the circuit application we can apply either a DC level 
or an AC signal to the gate of an SCR. In Figure a DC level of +.^4 
volts is required for the gate to turn the SCR on. Other types of SCRs 
may require different voltage levels on the gate to turn them "on". 
Most of the SCRs you will see will have from +.1 volts to +1 volts applied 
to the gate for a turn on voltage. 



INPUT 




— OUTPUT 



10V 1 



OV- 
0.8V- 



I 

0.4V-— 1- 

ov-H" 



Figure 4 




1 
1 


1 






1 


1 
1 


1 



INPUT 



-GATE 



10 V— 



0V-- 



TO 



T1 



T2 



OUTPUT 



T3 



Figure 5 

Figure 5 illustrates the waveforms of an SCR with DC applied to the gate 
and with a DC input voltage. Notice that at TO the SCR is forward biased 

Which of the following explains why the 



but 

SCR 



there 
i s not 



s no output at TO. 
in conduction? 



a. Insufficient forward bias. 

6. Insufficient DC on the gate. 

C The SCR is Reverse Biased, 

d. Too much DC on the gate. 
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by Insufficient DC on the gate . 



idv — p 



ov- 

0.8V- 
0.4V- 

OV-' 
10V- 



ov— 



TO 



T ) 



INPUT 



G^TE 



I 

T1 



I 



I 

12 



OUTPUT 



I 

T3 



Fiqure 6 



7. Refer to Figure 6, At time T1 a I^C signal in excess of +.U volts is 
tipplied*to the gate. The SCR now conducts and we get an output. At time 
T2 we remove the DC on the gate. Why does the SCR remain in conduction? 



The gate cannot turn off the SCR. 
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8. TEST FRAME 



If the SCR iji the following Ulustratrbn requires +.i4v on the gate to 
turn it on, at which time will the SCR (1.) turn "oh"? (2.) turn "off"? 

--k I 



+ 10V 



Ov-I- 



I 




INPUT 




a. 1 . Turn "on" at TO , 2. 

b. 1 . Turn "on" at T3 2. 

c. 1 . Turn "on" at T5 2. 

d. 1 . Turn "on" at T5 2. 



Turn "off" at Tl 

Turn "off" at T? 

Turn "off" at T? 

Turn "off" at T6 



GATE 



(THIS IS A TEST FRAME. COMPARE VOUR ANSWER WITH THE XORRECT ANSWER 
GIVEN At THE TOP OF THE NEXT PAGE.) 



. p, I, 
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K Turn "on" at T5 2> Turn "pff^ at T? 

IF YOUR ANrV'; MATCHES THE CORRECT ANSWER* YOU MAY GO ON TO TEST FRAME 13. 
OTHERWISE GO BACK TO FRAME 5 AND TAKE THE PROGRAMMED SEQUENCE BEFORE 
TAKING TEST F5AME 8 AGAIN, 

9, Now» let ' s 'apply *a DC sfgnal to the gate as an AC signal is applied 
across the anode to cathode of the SCR, The wav^orms are illustrated 
in Figure 




Figure 7 

Figure 7 shows that^ even though the SCR^ has-^^been forward biased by 
the AC signal from TO to Tl^ there is no conduction. This Is due to, 
the fact that there is no positive signal applied to the gate. At Tl 
the gate voltage is'applled at a sufficient level to cause conduction. 

The SCR still does not conduct because It is reverse biased. T2 arrives 
arid we have the right combination for conduction: 

1. A gate signal of sufficjeri't leveK 

2. Forward bras from abode to cathode, 
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Whfch of the following statements 

a. The output decreases due 

b. The output decreases due 

c. The output increases due 

d. The output increases due 



describes what occurs at T37 

to lack of forward bias. . 

to loss of gate signal, 

to the signal on the gate, 

to loss of signal on the gate. 
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ID. At in Figure 8» the SCR starts conducting and removal of the gate 
signal between .T** and T5 has no effect on its operation. Select the 
statement which: 

K Describes the conditions necessary to turn the SCR ^'on"- 
2, Describes the conditions necessary to turn the SCR "off". 

a* (t) Forward bias and suf f i ci ent negat i ve signal on the gate. 

(2) Reverse bias/pr remove forward bias, 

b. {l) Forward bias and sufficient positive signal on the gate. 
(2) Remove the qate signal. 

c. (l) Forward bias and sufficient negative signal on the gate. 
(2) Reverse bias/or remove forward bias. 

(1 ) Forward bias and a sufficient positive signal on the gate. 

(2) Reverse bias/or remove forward bias. 



(1) Forward bias and a sufficent positive signal on the gate. 
(2) Reverse bias/or remove forward bias, 



11. So far in our study of SCR's we have used a DC signal on the gate. 
In these circuits the output waveform has stayed the same as the input 
signal when the SCR was conducting^ and the input signal has been blocked 
when the SCR was not conducting. Now» weMl see that by using an AC. sig- 
nal as gate and also as input signals^ control of the SCR becomes smoother. 
We can pass as little or as much of the positive portion of the AC cycle 
as we want. t 
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TO T1 



T8 T9 T10 Til T12 

I I 




INPUT 



GATE 



OUTPUT 



Note: 



TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Til T12 



The gate waveform is expanded in amplitude with respect to the 
mput and output waveforms* 

Figure 9 

Looking at Figure 9, let's assume that the SCR used for these waveforms 
requires a volt signal on the gate to enable the forwards biased SCR 
to conduct. Notice that the SCR still operates in the same manner but 
our output waveform is different. 

Although the SCR Is forward biased at TO, the AC gate signal does not 
'each +,'*v until T2, At this time the gate signal is of sufficient 
amplitude to cause the forward biased SCR to conduct. Even though the 
gate voltage immediately drops below ,h volts, the SCR continues to con^ 
duct until the forward bias is removed at T**, This action is repeated 
again at TIO* 
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How does the power output of the SCR device in Figure 9 compare with the 
power output of the same device with a continuous volt DC signal 
applied to the gate? 

a. The power is the same in both cases. 

The power output in Figure 9 Is less, 
c* The power output in Figure 9 is greater* 



b* . The power output in Figure 9 is less. 

Note: The device with the voJt DC signal applied to the gate will 
pass the entire positive portion of the input cycle whereas the device 
in Figure 9 passes only about half of the positive Input alternation. 

12. Now let's take the same SCR and apply a +0.6 volt AC signal to the gate. 



TO T1 T2 T3 T4 T5 T6 T7 T8 T9 Tl Til T12 

I _ i 1 _ I 1 l_ I t ' I e _i 




TO Tl T2 T3 T4 T5 T6 T7 T8 T9 T10 Til T12 



Figure 10 
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Note: The gate waveform is expanded in amplitude with respect to the 



It can be seen that the gate signal now rises to the volt level at 
time Tl . This allows more of the positive portion of the input cycle to 
be passed through the device which, in turn, Increases the power output. 

if we increased the AC gate signal to an even greater amplitude — say 
one volt for example the SCR would conduct almost as soon as it was 
forward biased and all of the positive portion of the AC cycle would be 
passed. We have developed a method of controlling the exact amount of 
power we allow through the SCR device. 

What is the minimum AC gate voltage in Figure 10 that will cause. the SCR 
to conduct? 

a . +0. 6v 

b. -O^W 

c. +0.W 

d. -0.6v 



c^^ +075v 



13. TEST FRAME 

How do we vary the amount of positive AC signal passed by a forward biased 



a. Vary the signal on the cathode. 

b. Vary the signal on the gate. 

c. Vary the signal on the anode. 

d. Vary the forward bias. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT ANSWER GIVEN 
AT THE TOP OF THE NEXT PAGE.) 



input and output waveforms. 



SCR? 
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b. Vary the signal on the gate, 

IF YOUR ANSWER MATCHES THE CORRECT ANSWER YOU HAVE COMPLETED THE PRO- 
GRAMMED INSTRUCTION FOR LESSON I, MODULE TWENTY FIVE. OTHERWISE SO BACK 
TO FRAME 9 AND TAKE THE PROGRAMMED SEQUENCE BEFORE TAKING TEST FRAME 13 
ARAIN. 

AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF I NSTI^UCTI ON, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON I 

Silicon Controlled Rectifier Theory 

The silicon controlled rectifier, commonly called an SCR, is a compact 
and quiet solid state device* Its operation is unaffected by vibration 
and shock. When properly chosen and protected with heat sinks and 
cooling fins, the SCR can efficiently control a very large amount of 
power, 

SCR*s come in a wide range of sizes, operating characteristics and 
circuit applications. When used properly they should have virtually 
unlimited operating life. 




Figure 1 
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An SCR can be compared to a dtode rectifier. Recall that a diode has 
two leads; an anode and a cathode- It must be forward biased in order 
to conduct or reverse biased to be cut-off. 



CATHODE 



^-|^^— iroiWARD BIAS 

CURRENT FlOjgf 



REVERSE BIAS 



NO CURRENT FLOW 



Figure 2 

An SCR has the same two leads, anode and cathode, with an additional 
lead called a gate . Figure 3, shows the schematic symbol of an SCR 
device. 



CURRENT FLOW^ 



CATHODE V 

(+) 

GATE 




Figure 3 
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The operation of an SCR is stmi tar to that of a diode. The SCR must be 
forward biased in order to allow current flow through the device. But 
the SCR differs from a diode rectifier in that zhe SCR not only requires 
forward -bias but also requTres a positfve signal on Tts gate for con" 
duction (as shown in Figure '0 , Like the diode^ once the device is 
forward btased and conductfng the only way to cut it off Is to remove 
or reverse the cathode to anode bTas, 




CURRENT FLOW^ 




REVERSE BIASED 
NO CURRENT FLOW 



FaRWARD~B|ASEO 
NO GATE SIGNAL 
NO CURRENT FLOW 



FORWi^RO BIASEO 
POSITIVE GATE SIGNAL 
CURRENT FLOWS 



The gate works like a "turn on" swjftch during the time that the SCR is 
forward biased. Once the SCR stares conducting, the gate no longer has 
any control. In other words the gate can not turn the SCR "off" . The 
■only ways to stop conduction of the SCR (turn it off) are to: 

(1) r'emove the forward bias, or 

(2) reverse bras the SCR. ' 



\ 



Therefore, the SCR will remain in cOndadtion even after the gate signal 
is removed, but only a% long as forwarq bias is applied. This action is 
shown in Figure 5. 



INPUT ^ 



GATE 



I 



OUTPUT 




OV 



I 



! I I 



INPUT 



OV 



OV 



I 1 




GATE 



OUTPUT 



TO T1 12 T3 



Figure 5 
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An SCR requires (forward/ reverse) bias and a (pos j ti ve/negat i ve) gate 
signal to enable it to conduct* 



forward; pos i 1 1 ve 



- 1 ' ' 

Which of the following Is required to cause an SCR to stop conducting: 



a. simultaneous removal of the gate signal and continued foVward 
bias a;jp1 ication* 

removal of the gate signal. 

c, reverse bias the SCR* 

d, either b or c 



~, reverse bias the SCR Iremoving the forward bias Is also sufficient 
to cause the SCR to stop conducting) > 
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We can apply either a DC level or an AC signal to the gate -of an SCR. 
If we apply a DC level to the gate, the waveforms will look like those 
I llustrated jn Figure 5. Vou will notice that Figure 6 is identical 
to Figure 5 except that voltage levels are indicated. This particula 
SCR requires a +.t\ volt level on the gate to turn the SCR on. Other 
types of SCR's may requtVe different voltage levels on their gates, 
but the voltage is usually fixed somewhere between +.IV and +IV. 



10V 1 



QV- 

0.8V- 

0.4V 
OV 




' 1. 



INPUT 



-GATE 



10V- 



OV— 



) 

TO 




OUTPUT 



Figure 6 " ^ , 

Notice that the SCR is forward biased from time TO until Tl , but with 
no signal on its .gate, it won't conduct. At time Tl a DC signal in 
excess of +.k volts is applied to the gate. The SCR now conducts and 
we get an output. At time T2 we remove the DC level on the gate. The 
SCR remains in conductionl This Illustrates that once the SCR is turned 
on, the gate no longer has any control over conduction of the SCR. The 
gate signal can ' t turn tt off! We turned it off at time T3 by removing 
the forward bias . 

,/ ■ ' 



31' 3S 



Narrative 



Twenty Five- I 



Now let's use an AC signal. 




r 



INPUT 




GATE 



+ 10V 



-10V 



1 
1 
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I 
1 
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14- 




1 
1 
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1 
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1 

t 1 
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1 


■ 1 ■ 


1 


I 


1 1 


TO 


T1 


12 


T3 


T4 


T5 T6 



--OUTPUT 



Figure 7 



Referring to Figure 7; although the SCR has been forward biased from TO to 
Tl* It did not conduct. This Is becaus^e no gate^ signal was applied. Now» 
at Tl a gate signal of sufficient level Is applied but ai: the same time 
the SCR has no forward bias. So - It still doesn't conduit. Sut wait 
— T2 arrives and we have both a gate and signal of sufficient level and 
forward^blas. The SCR now conductsi T3 rolls around and what happens? 
The SCR cuts off and there Is no output.' WKy? 



Although the gate signal is stHl applied the forward bias ts removed 
(or words to that effect) ^ . 



Now» at T^ the SCR becomes forward biased once again - and the-gate 
signal Is sttll present. The SCR conducts. But look * between T** and 
T5 the gate signal Is removed. Do we still Kave an output? . We cer* 
.talnly do! WhyT 
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Once the SCR starts conducting removal of the gate stgnal is not 
sufficient cause tx> cut It off. Only removal of forward bias - or 
application of reverse bfas " can turn rt off, (or words to, that 
effect,) [ 1 - 

Now, that wasn't so difficult, was it? So far we've seen a J)C level as 
both the gate signal and the input signal - and we've just looked at a 
situation where the gate signal was DC and. the input was AC.^'Let^s now 
see'what happens when we use AC as both gate and Input signal. For this 
example let's also assume we're using an SCR which requires a minimum 

volts on the gate to enable the SCR to conduct. (Remember " It must 
also be forward biased.) 




Figure 8 

Looking *at Fl^u-re 8 we see an output signal of yet another wave shape. 
The same basic SCR concept applies. It must be forward biased and the 
gate signal must be of sufficient level to enablje the SCR to conduct,- 
In thls 'case^ as the ^gate signal peaks at T2 and again at TtO it is of 
a sufficient level, volt-to cause the forward biased SCR to conduct 
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Now let's take the same SCR and apply an AC gate signal with a peak 
amplitude of +.6 volts. First we will expand our time chart and ^ 
examine what ts happening on the gate. 



-f 0.8v 
+ 0.6v< 
+ 0.4V- 
+ 0.2V 
Ov- 

- 0.2V 
-0.4v- 

- 0.6v- 
-0.8V- 



TO T1 T2 T3 T4 T5 

r""i — T — r — V — -i — :7-- 

{SCR CONDUCTION LEVEL TIME FOR "B" 



T6 T7 T8 T9 T10 




GATE 

WAVEFORM 



SCR CONDUCTION LEVEL TIME FOR "A" 



, . 

TO T1 



t£ 



T5 



1 

?9 



Tid 



Figure 9 ' - " 

Look at waveform "A" first. It Is the same waveform we appalled to trie 
gate of the SCR In Figure 8. It's of low amplitude peaklngiat volts^ 
the level sufficient to cause the forward biassed SCR to^conduct. It 
reaches this level at T2. NoW| look at waveform **B**| ,our ,new Input sig- 
nal on the gate* It*s of a much greater amplitude* It also peaks at T2 
- but - It reaches +.'4 volts at Tl » much earU'er than did, waveform "A**. 
Therefore; the forward biased SCR Is able to conduct much earlleri 
allowing more of the input to pass through the device to the, output as 
shown in Figure 10. ^ 



3*. 41 



Narrati ve 



Twenty Five-I 



ni Tf2 



+10V-I — (i 




INPUT 



GATE 



OUTPUT 



-lOV-H 



1— t 



TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 Til T12 

Figure 10 

V ■ 

This increase in output power can readily be seen by comparing Che 
output waveforn in Figure 10 to the output waveform in Figure 8, 

Silicon Controlled Rectifiers have many applications. Depending on 
your rating you will see certain of these applications* They are 
used in motor speed control circuits, electronic switching circuits 
and power supply rectifiers, among others. 
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AT THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK, IF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH, IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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OVERVIEW 

LESSOM n 

Unijunction Transistor Theory 

In this lesson, you will study and learn about Unijunction Transistors 
(UJT), You will be able to identify them physically and schematically- 
You will also be able to identify the necessary voltage, current and 
'resistance relationships present in a Unijunction Transistor, 

The learning objectives of this lesson are as follows; 

TERHIMAL OBJECT IVE (S) ; 

25.2.^*7 When the student completes this course, he will be able to 
TROUBLESHOOT f aul ty UJT/SCR circuits, given a training de- 
vice, prefaulted UJT/SCR circuit cards, and proper tools. 
Repair to be done on a practice board with similar compo- 
nents. Repaired board to pass Learning Supervisor's visual 
and physical inspection for quality. Replaced compofient..to 
be tested for damage incurred during installation. 

ENABLING OBJECTI VE (S) ; 

When the student completes this lesson, he will be able to: 

25-2,^*7,7 lOENTIFY by matching, the names of the three leads of a UJT 
given an unlabelled diagram of a UJT and a list of names, 
100% accuracy is required, 

25-2, '*7. 8 lOENTIFY the condi t ions necessary to make a UJT conduct 
by selecting the correct statement of conditions from a 
choice of ■ four, 100% accuracy is required, 

25.2,^*7,9 DEFINE the term 'Voltage gradient" as i^ applies to a UJT 
by selecting the correct answer from a choice of four, 
100% accuracy is required. 

25.2.^*7.10 IDENTIFY the conditions necessary to maintain conduction of 
a UJT by selecting the correct answer from. a choice of four 
tOO% accuracy is required. 

25.2.^7*11 IDENTIFY the conditions necessary to stop conduction of a 
UJT by selecting the correct answer fi'om a choice of four. 
100% accuracy is required. 
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OVERVIEW 



25*2*ii7*l2 OBSERVE and RECORD normal waveforms from a UJT sawtooth gen- 
erator circuit given a training device, a job program, proper 
tools, an oscilloscope, a signal generator, and applicable 
schematic diagrams or technical manuals* Recorded data must 
be within limits stated in job program- 

25*2*^17*13 OBSERVE and RECORD waveforms from a UJT multivibrator circuit 
given a training device, proper tools, an oscilloscope, a 
signal generator, a job program, and schematic diagrams or 
technical manuals* Recorded data must be within limits stated 
on the job program* 

25*2*ii7-r^ OBSERVE and RECORD normal waveforms from a UJT trigger €.lrcuit 
given an applicable training device or circuit and the proper 
tools, an oscilloscope, a signal generator, a job program, and 
schematic diagrams or technical manuals* 100^ accuracy ts re- 
quired* 

25-2*^17-15 LOCATE a faulty component in a SCR control circuIt/UJT ramp 
generator circuit by discriminating between normal and' 
abnormal waveforms from 'a prefaulted training device or cir- 
cuit, and using the proper tools, an oscilloscope, a sig'nal 
generator and given a job program and schematics or technical 
manuals* 100% accuracy is required* 



BEFORE YOU START THIS LESSON, READ THE LESSON LEARNING OBJECTIVES AND 
PREVIEW THE LIST OF STUDY RESOURCES ON THE NEXT PAGE- 



Study Resources 



Twenty Five-l 1 



LIST OF STUDY RESOURCES 
LESSON I I 

Unijunction Transistor Theory 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the follow- 
ing study reschjrces; 

Written Lesson presentation in; 

Module Booklet 

Summary 

Programmed 1 nstruct ion 
Narrative 

Student's Guide: 

Job Program Twenty Five- 11-1 **Uni junction. Transistor Sawtooth/Trigge 

Generator" 

Job Program Twenty Five-l i-2 'Unijunction Trans istor Hul tl vi brator*' 
Job Program Twenty Five 11-3 **UJT Ramp Generator and SCR Control 

Circuit** 

Progress" Check 
Additional Materlal(s): 

Audio/Visual Program Twenty Five-l I "Introduction to UJT's" 
Enrichment Material(s): 

Basic Electronics, Vol. I, NAVPERS I0087-C 



YOU MAY USE ANY, OK ALL, RESOURCES LISTED ABOVE, INCLUDING THE LEARNING 
SUPERVISOR; HOWEVER, ALL MATERIALS LISTED ARE NOT NECESSARILY REQUIRED 
TO ACHIEVE LESSON OBJECTIVES. THE PROGRESS CHECK MAY BE. TAKEN AT ANY 
TIME. 




Summary 



Twenty Five- 1 1 



SUMMARY 
LESSON II 

Unijunction Transistor Theory 



The Unijunction Transistor is a soHd state device used in switching and 
timing circuits* Its physical appearance Is Identical to a common tran-^ 
slstor^ 



Bl ^ - B 




UJT TRANSISTOR 

A second base lead Instead of a collector Is the major difference between 
a UJT and a" transistor. The schematic symbol for a UJT looks like this: 




The lead with the arrow Is the emitter; Base 1 (Bl) Is the lead to which 

the emitter arrow points; the Base 2 {B2) is the other lead^ Base 2 can 

be compared to the collector of a common transistor In that Base 2 Is 
usually where Vcc Is applied. 

Proper operation of a UJT depends upon proper bias. The UJT must have 

a posftfve voltage level on Base 2 and a less positive voltage level on 
Base 1. ^ 
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This type of voltage arrangement prepares the UJT for conduction- When 
a positive voltage level large enough to forward bias the F-81 junction 
appears on the emJtter the .UJT conducts. Current flow is from Bl to 
the emitter — against thp arrow. 




If there is no voltage on the emitter or if the voltage level Is too low 
then the E-81 junction is reverse biased and no current flows through the 
E-81 junction. However; a small reverse current flows from the emitter 
to B2 due to imperfections in the material. 



REVERSE CURRENT 




A UJT sawtooth generator produces a sawtooth waveform output due to the 
charge and discharge of CI and the switching action of the UJT. ' 



UJT 
OUTPUT 




In the UJT multivibrator the combined swi tching- act ion of CRl and the 
UJT controls, the charge and discharge of CI and develops a square wave 
output at B2 of Ql . 



-t-vcce 



INPUT 



AA CI 

CHARGE IN CI 




. rLTL 

OUTPUT 
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A trigger circuit may be constructed by removing CRl and Rl from the 
multivibrator circuit and placing a resistor between Bl and ground. 
The output is taken from 61 of the UJT, The schematic diagram of a 
typical UJT trigger circuit is: 



\ 



\ 



Cj WAVEFORM J_ 




AT THIS POINT, YDU MAY TAKE THE LESSON PROGRESS CHECK. I-F YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE- 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDIO/VISUAL MATERIALS (IF 
APPLICABLE), OR CONSULTATIDN WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 



p. I. 



Twenty Five- 1 1 



PROGRAMMED INSTRUCTrON 
LESSON 11 

Urtij unction Transistor Theory 



TEST FRAMES ARE 6 ANO 13* AS BEFORE* GO TO TEST FRAME 6 ANO SEE IF YOU 
CAN ANSWER ALL THE QUESTIONS THERE. FOLLOW THE OrRECTlONS GIVEN AFTER 
THE TEST frame: 

K The Unijunction Transistor fs a solid state device used in switching* 
pulse triggering* and multivibrator circuits. It has several advantages 
over conventional transistors. It is very stable over a wide temperature 
range and It reduces the number of circuit components needed when used In 
place of conventional transistors. 



Let's compare a transrstor and a UJT. 




Linear 
Resistance 



Notice that in a block diagram configuration tha difference between a 
transistor and a UJT are very apparent: 

4 

1. Two junction^ for the transistor; ohe for the UJT. 

t. The material between Base I and Base 2 of the UJT acts as a 
resistor. The^materials separating the enttter and collector 
of the transistor do not^ 
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In physical appearance however^ the transistor and the UJT are Identical. 




TRANSISTOR « UJT 



You can see that the tab on the case of both devices denotes the emitter* 
The lead configuration J,s the same. If we move in a clockwise direction 
from the emitter on ,the UJT» the first lead we encounter Is Base t; the 
second lead Is Base 2. This ts another difference between a transistor 
and a UJT. 

Now» let^s look at the schematic symbol of a UJT as compared to that of 
a transistor. 

TRANSISTOR UJT 

^^^^^^^^^^^^^^^^ « 

Quite a bi: of dlfference^here, Isn't there? 

You have a ready learned which lead. Is which in the transistor symbol so 
It will be eas^y to identify the UJT leads. The lead with the arrow Is 
the emitter. The lead to which the arrow points Is Base 1. That leaves 
one other 'ead * Base 2. 

T 
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Label the leads ot the UJT in each of the below .M lustrations : 





B 





A. 
B. 


IV Emitter 
1. Emitter 


2. 
2. 


Base 1. 
Base 1 


3. 
3. 


Base 
Base 


2 
2 





2. All- types of transistors or diodes ne^d a certain -bias level to oper- 
ate* The UJT is no different* Base 2 of a UJT must be connected to some 
positive value* Base 1 must be at ground potential ^(or some value 
of voltage less'than that on Base^2). ' ; 




Is the UJT in the Illustration below properly biased for correct Operation? 

O +10VDC 



1 



+ 5VDC 



yes 
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3* Let's connect a known voltage to the UJT. 

I 

If we connect a voltmeter between the Base 1 and Base 2 leads we will r^ad 
the ful 1 ten vol ts. 




How/ever^ if we could take a reading at some point be^weeh the two base 
leads we would read a value less than ten volts. 




8V 



The*area between the b'ase leads is acting like a resistor. At different 
points we read different voltage levels. This sequential rise in potential 
is called a Vd'l tage Gradient. 




The piateria] between Base \ and Base 2 of a UJT acts like a/an 
and the differelhce in potential is called a/an 
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resistor^ voltage gradient (in that order) 



The emitter of the IIJT acts like the wiper arm of a variable resistor, 
Although It does not physically move, it does feel the potential of the 
voltage gradient opposite it. 




10V 



In this case the emitter feels a positive ^ volts. The voltage level 
the emitter feels is the conduction point voltage needed to turn on the 
UJT. This turn on voltage Is determined by the type of UJT and Is 
established at the time of construction. 

What Is the conduction point of the UJT illustrated below? 




7 vol ts {6 1/2 - 7 1/2 acceptable) 



5. You have seen how the bias voltage is developed between 8ase I and 
Sdse 2. Now let^s See what happens when ive apply a vOltage to the emitter. 
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If we apply a voltage level to the emitter that is greater than the differ- 
ence of potential opposite. the emitter-Base 1 junction^ then the UJT will 
conduct heavily through the emitter-Base 1 junction* 




10V 



If the voltage level on the emitter drops below the level of the potential 
difference opposite the emitter, then the emitter-Base 1 junction acts 
like an open circuit and no current flows. 



REVERSE CURRENT 




However, a small current will flow between the emitter-Base 2 junction. 
This small amount of current is calJed reverse current. It is due to 
imperfections in the material used in construction of the UJT, 

In order for the UJT to conduct through the E-Bl junction the voltage 

level On the emitter must be * the voltage gradient at the 

E-Bl junction. 

a. less than 

b. the same as 

c. in phase wl th * 

d. greater than 



d , greater than 
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6, TEST FRAME 

1, Correctly label the leads of the UJT shown In the Illustration 
below. 



o 



2, Correctly label the leads of the UJT shown in the schematic diagram 
below. 




3. Indicate the proper forward biasing. vol tages on the UJT shown below 
by placing a (+) or (-) or (0) on the appropriate leads. 




Define voltage gradient. 



(THIS IS A TEST FRAME, COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE,) 



mc 
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1. a. fitter, b. Bas€ 1, c. Base 2 
2* a. koUTter, b. Base 2, c* BaseJ 
3. a. OV, b. +v c. -V 

a voltage gradient is the sequential rise in voltage from Base 1 
to Base 2 (or words to that effect). ^ 

tF YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST FRAME 
13. OTHERWI SE GO BACK TO FRAME I AND TAKE THE PROGRAMMEO aE<iUENCE BEFORE 
TAKING TEST FflAME 6 AGAIN, 



7- Let's look at a UJT multivibrator. The normal solid state multivi 
brator Jooks something like this. 




OUTPUT 

H{ — o onruij 



A UJT multivibrator looks like this, notice the decrease in ccHnponent 
requ i rements- 




OUTPUT 

n_nj~i_n 
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Let's examine it's operation. You will see that it ts much simpler than 
transistor multivibrators, - ^ . 



+Vcc 




UJT MULTIVIBRATOR 




WAVEFORMS 



While Ql Is cut off, Ct charges through CR1 and R2, CI tries to charge 
to the value of Vcc and a rising. positive voltage appears at the anode 
of CRK The anode of CRl is the same electrical point as the emitter of 

The action of CI charging to Vcc produces a voltage at the 

eml tter of Ql , 

a. more negative 

b. more posi 1 1 ve 

c, zero 

d, +Vcc 



b, more posi tl ve 
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8. Let's say that Ql is rated at + lOV. 



+Vcc 




I I 
TO T1 



At time Tl, CI Is charged to + lOV, The voltage level on Ql * s emitter 
(also + lOV) IS sufficient to cause Ql to conduct from ground, through 
the E-Bl junction, through R2 to + Vcc» 

While Ql was cut of if (prior to Tl) the voltage level at test point **C** 
was approximately Vcc, At Tl , the voltage at test point **C** and test 
point **B** dropped to near ground potential, almost Instantaneously, This 
sudden drop in voltage. Is caused by the conduction of QT, The signal at 
test point *'A** gradually drops to zero voJts; capacitor CI Is discharging 
through resistor Rl slnqe CRl Is reverse biased* 

The voltage level at test point **C** Is controlled by the 

a, on/off state of Ql , 

b, on/off state of CRl , 

c, time constant of C1*R1. 

d, ttme constant of QI-R3. 



a. on/off state of QK 
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a . . r 

-The, sudden drop In voltage at test point *'B** caused, by the conduction of ' 
Ql IS felt by the anode of CRK The near grobnd potential at test point 
"B" causes CRI to become reverse biased cutting it off. .CRl opens'the 
circuit effectively isolating Cl from Vcc. CI then discharges through RK 
This happens in the time span between Tl and T2* (See waveforms for test 
points 'W* and "B",) 

At time T2 thj^ voltage level at test point "A'' reaches appoint iow enough 
to forward bias CRK CRI then conducts turning off QK Cl stops dis- 
charging and starts charging through CRI and R2 once again, 

Which component(s) control(s) the duration of Ql's conduction? 

a- R3 

b. CRI 

c. Cl , Rl 
R2, Ql 



c. Ci, Rl 
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10* If we change some components in the UJT mul tivibi'ator we can build 

a trigger circuit. It's really quite simple and the UJT functions exactly 

t he same way. 



+ Vcc 




OUTPUT 
TP B 



CRI and Rl have been removed. R^ has been added between CI and Ql's Base 
K CI charges slowly through R2 to Ql's conduction point. When Ql con- ■'• 
ducts> Cl discharges quickly through R^ creating a spike or trigger pulse 
on the output of Ql . 



-V i j i 

I I I 



n T2 

Which of the following determine(s) the frequency of the output spike? 



a. R3 

b. Rtt, R3 

c. Ql, R3 

d. R2, Cl 



\ 



d. R2. Cl 
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11- Another circuit that uses a UJT Is a sawtooth generator. An example 
of a simple sawtooth generator Is illustrated by the following schematic. 




CI charges slowJy through the high resistance of Ql's E-B2 junction 
causing a positive voltage to develop on the emitter of QK 

The current flowing through the E-62 junction is called 

. a. forward current. 

b. holding current. 

c. peak cur rent - 

d. reverse current. 



d. reverses current. 
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12'- When the rfsifig positive voltage reaches QI's conduction poTnt the 
E-Bl junction becomes forward biased p1acin9 a short circuit across CI. 
CI then discharges quickly through Ql ' s E-Bi junction* 



OUTPUT 




— 10U 




When CI .discharges to a point low enough to reverse bias Ql , Q1 turns off 
and CI again starts to charge to Vcc- The cycle v/iM repeat itself pro- 
ducing this waveform at the emitter of Ql - 




SAWTOOTH V/AVEFORM 

The charge and discharge time of CI Is controlled by 

a- the resistance of the E-B2 jimction and the E-Bl junction, 

b- , the value of Vcc- 

c, the mismatch of components, . 

d. both b and c. 



5, the resistance of the E-B2 junction and the E-Bl junction, 

« 
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1?. TEST FRAME 

Match the output waveform and the circuit name to the three UJT schematic 
diagrams illustrated below. 

+Vcc 



INPUT 



1. 



CI 



I 



CR1 



R1 



R2 



— 01 



R3 



C i rcut t Names 

a. S9v.*tooth Generator 

Squar'^ WA>/e jenerator 
c. Trigger Ceneretor 



OUTPUT 



2. 



Vcc 



OUTPUT 



_L_L 



3. 

INPUT 



+ Vcc 
• — 



WAVEFORM 



1 . 
2. 
3. 




c. 



OUTPUT 
• ■ 



CIRCUIT NAME 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT ANSWERS 
GIVEN AT THE TOP OF THE NEXT PAGE.) 




rF YOUR AN'^WERS HATCH THE CORRECT ANSWERS YOU HAVE COMPLETED THE PRO- 
GrJ..HMED INSTRUCTION FOR LESSON 11, MODULE TWENTY FIVE. OTHERWISE GO BACK 
TO FRAME 7 AND TAKE THE PROGRAMMED SEQUENCE BEfORE TAKING TEST FRAME 13 
AGAIN. 

At THIS POINT, YOU HAY TAKE THE LESSON PROGRESS CHECK. IF YOU 
ANSW'R ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE. NEXT LESSON. 
IF YO'. IKlOORRECTLY A:ISWER ONU A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSV,t?^ PAGE WILl SEFER YOU TO THE APPROPRIATE PAGES, 
PARAGRA5*HS, OR FRAflES SO THAT YOU CAN RESTUDY THE PARTS OF THIS 
LES30M YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILEO TO UNDERSTAND ALL, OR MOSt, OF THE LESSON, SELECT AND USE 
ANOTHER WRITTEN MEDIUM OF INSTRUCTION, AUDJO/VISUAL HATERIALS ()F 
APPLICABLE), OR CONSULTATION WITH LEARN I NG*^ SUPERV I SOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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NARRATIVE 
LESSON .11 

Untjunttlon Traf^slstor Theory 



the UnijLfnctfp^ Yanststor (UJT^ is a sojid state devlte used. In switching 
pulse triggering and multivibrator circirlts* It has several advantages 
over conventional trans Is^tors / It is very stable over a wide temperature 
range and allows a reduction of circuit components when used In place of 
conventional transistors. Let's look at this example of a multivibrator: 

>-Vcc 



OUTPUT 

jf-— 0 OrLTLTL 




TRANS I STOR MULTIVIB RATOR 

' s — " 

Now look at the same circuit using a UJT. 




OUTPUT 



UJT fK't.TIVIBRATOR 



6S 
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As you can see* the output of both multivibrators are the same; however* 
the IIJT cIrcLMt has fewer components than the transistor circuit. By 
reducing the number of components we may. reduce cost, size., and probability 
of circuit failures. This also means less troubleshooting for the tech" 
nician* 

Let's examine a UJT. 



The UJT's physical appearance is identical to that of the common transis- 
tor. 



B 



B1 



E\o o/b2 



TRANSISTOR 



UJT 



Both have three leads and the same basic shape* The tab on the case de- 
notes the emitter on both devices. However* moving clockwise from the 
emitter of the UJT (bottom view) ws find that Base 1 is the first lead* 
and* Instead of a collector* Base 2 is the second lead. 

In block diagram form the differences In lead arrangemept are even more 
pronounced . 



2 junctions 



TRANS tSTOR 



1 junction 




UJT 



Unlike the transistor which has two Junctions* the UJT has only one* 
The area between Base 1 and Base 2 acts like a resistor. 
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Looking at the schematic symbol below, how do we know which base is number 
t and which is number 27 

We know from transistor theory that the lead with the arrow is the emitter. 
In a UJT the base lead to which the emitter arrow points is Base 1, 
That leaves one other lead which is Base 2. 

Now that we know how the base leads are connected within the device, let's 
see how it works. A conventional transistor needs a certain bias level 
(voltage level) between the Emitter, Base and Collector before it con- 
djjcts. The same holds true for a UJT. It needs a certain bias Tevel 
between the emitter and Base 1 and also between Base 1 and Base 2 for 
proper conduction. Let*s look at the normal bias arrangement. 

B2 

♦loy^vcc 

—± 

In the above illustration we have placed a pbsltive 10 volts on Base 2 . 
and a ground on Base 1. The area between Base 1 and Base 2 acts as a 
resistor. If we were to take a reading between Base 1 and Base 2 we 
would see the full 10 volts. 
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Theoret I cal 1y » if we could connect one meter lead to Base 1 and the other 
lead to soffie point between Base 1 and Base 2 we would read some voltage 
less than 10 volts. 

+10VCC 
o 




The voltage measurements would look like this depending on where the meter 
IS connected. 




+10VCC 



The sequential rise in voltageMs called a Vol tage Grad lent . 



The emitter of the UJT can be viewed as the wiper arm of a variable re*' 
sistor* If the voltage level on .the emitter is more positive than the 
voltage gradient level at the emttter/base material contact potnt^ then 
the UJT Is said to be forward biased* The UJT will conduct heavily 
(almost a short circuit) from Base 1 to the emitter. Fte* 5mber * • 
current flows against the arrowl 



+10VCC 




The emitter Is, of course, fixed, 
therefore depends^ upon: 



The level of the voltage gradient 



1, the amount of Vcc, and 

2, where the emitter Is physically placed between Base \ and Base 2, 
(The manufacturer decides where.the emitter is placed on the 
base mater I a1 . ) 

71 



Narrative 



Twenty Five- I I 



At present there are more than forty distinct types of UJTs, 

Assume the voltage level on the emitter is less positive than the voltage 
gradient opposite the emitter. The UJT Is then said to be reverse biased. 
No current will flow from Base 1 to the emitter, Howeve' , a small cur- 
rent will flow from the emitter to Base 2, This Is callea reverse current 
and is due to Irperfectlons In the material used In the construction of 
the UJT. 



REVERSE /TVCURRENT 



+3Vee 




>+10Vcc 



CURRENT FLOW IN A REVERSE BIASED UJT 
Now, let*s discuss a sawtooth generator circuit using a UJT, 



+10VCC 

:ci Qi 



UJT SAWTOOTH GENERATOR 

In this circuit assume that the conduction point of the UJT with a Vcc 
of + 10 VOC will be + 6 VOC, Capacitor CI Is charged slowly by the 
Small amount of reverse current leaking through the reverse biased E " 
BZ junction. 



Output . 




?2 
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As the charge on CI rises slowly through the high resistance of the E-B2 
junction It eventually reaches the level needed to forward bias the E-Bl 
junction (+ 6 VDC). 



When the charge on CI reaches the + 6 VDC conduction point of the UJT, 
the UJT *^turns on*' creating a low resistance discharge path for CI through 
the now forward biased E - Bl junction. As CI discharges, the voltage 
level on the emi tter drops to OV causing the UJT to again becorne reverse 
biased apd turn off. The cycle then starts all over. 

The period of the waveform Is determined by the resistarice of the E-B2 
junction and the capacitance of Cl- (The junction resistance can be 
measured with a VOM,) The waveform produced looks Jike a sawtooth-*- 
hence, the name sawtooth generator. 



+10VCC 



+6yDC 
Output y\ ' 




ZV% DISCHARGE PATH 




SAWTOOTH GENERATOR OUTPUT 
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We saw earlier in this lesson that the UJT can be used in several types 
of circuits* Obviously, to explain them all would take too much time* 
The two most commonly used UJT circuits are the sawtooth generator (which 
has been discussed) and the multivibrator* Let's discuss the multivibra- 
tor* 




WAVEFORMS SHOWING UJT MULTIVIBRATOR 

WHAT fS HAPPEN fNG 
DURING THE TIME CI 
IS CHARGING* 



In the circuit shown, capacitor CI charges through CRl and R2* While CRl 
is conducting, Ql Is cut off due to the low voltage level on the emitter* 




At time Tl , Cl's charge (TP"A") becomes equal to the voltage level re- 
quired to forward bias Ql * Ql then turns on causing the voltage Iftvel 
at TP"B" to drop to near ground potential — zero volts* TP"C" (the 
output of the multivibrator) drops to near ground also* 
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This action places a negative potential (in respect to Cl) on the anode 
of CRK.and turns it off* opening the circuit* Cl is now isolated from Vcc . 
by the open circuit caused by CRPs reverse biased state* C) discharges 
through Rl (between T1 and T2 on the illustration). When Cl*s charge 
(TP^W*) reaches the same voltage level as the anode of CRl (TP**B**) turns 
on again removing the forward bias from the emitter of Ql and cutting it 
off* The output of the multivibrator (TP**C'*) rises to approximately the 
.level of +\/cc< The cycle begins again. The alternate *'on-off*' state, of 
Ql produces a square wave signal on Base 2 of Ql TP^*C\ 



TP A ' 



TP^B 




TP C 



We can change the multivibrator to a trigger ciruit by removing CRl and 
R1 and adding a resistor in series with Cl and .Base 1 of QK 



+Vcc 




The output is taken from Base 1 of the U».r* Cl charges stowly through 
R2 until the voltage level on the emitter reaches Ql * s conduction point, 
Ql then conducts and Cl discharges quickly through and Ql producing 
a spike or trigger pulse* When Cl discharges to a level below Ql * s 
conduct ton' poi nt Ql turns off and the charge cycle starts again* 
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AT THrS POrNT, YOU HAY TAKE THE LESSON PROGRESS CHECK. tF YOU 
ANSWER ALL SELF-TEST ITEMS CORRECTLY, PROCEED TO THE NEXT LESSON. 
IF YOU INCORRECTLY ANSWER ONLY A FEW OF THE PROGRESS CHECK QUESTIONS, 
THE CORRECT ANSWER PAGE^WILL REFER YOU TO THE APPROPRIATE PAGES, 
PARAGRAPHS, OR FRAMES SO THAT YOU CAN RESTUD.Y THE PARTS OF THIS 
LESSON YOU ARE HAVING DIFFICULTY WITH. IF YOU FEEL THAT YOU HAVE 
FAILED TO UNDERSTAND ALL, OR MOST, OF THE LESSON, SELECT AND USE 
ANOTHE.R WRITTEN MEDIUM OF INSTRUCTION, AUOIO/VISUAL MATERIALS (IF 
APPLICABLE). OR CONSULTATION WITH LEARNING SUPERVISOR, UNTIL YOU 
CAN ANSWER ALL SELF-TEST ITEMS ON THE PROGRESS CHECK CORRECTLY. 
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